Bovine oocytes were bisected, stained with Hoechst 33342 and observed under a fluorescent microscope to identify nucleated and enucleated demi-oocytes. Other oocytes were bisected but not stained, or bisected and only half of each oocyte stained, and viewed under a fluorescent microscope. The oocytes were then used for nuclear transfer by fusing them with embryonic blastomeres from a 5\p=n-\6 day bovine embryo. The fusion rate and proportion developing into compact morulae or blastocysts was compared among different types of demi-oocytes. Expt 1 examined the effect of staining and indicated no effect on either fusion rate or embryonic development whether or not the oocytes were stained. In Expt 2, stained and unstained nucleated and enucleated oocytes were compared. As in the first experiment, there were no differences between stained and unstained demi-oocytes. There was no difference between fusion rates of nucleated and enucleated oocytes. However, there was a significant difference in embryonic development between nucleated (10\m=.\4%) and enucleated (22\m=.\6%)demi-oocytes (P < 0\m=.\05). In a final experiment, stained and unstained enucleated oocytes were used for nuclear transfer and the resulting embryos transferred into recipient cows. There was no difference in pregnancy rates or in the number of normal calves born whether stained or unstained recipient oocytes were used. Results from these experiments indicate that Hoechst staining and fluorescent microscopy can be used to identify enucleated demi-oocytes, and that these can be used for nuclear transfer, and result in viable embryos and normal calves. In these experiments, there was no difference between oocyte halves in their ability to develop normally following nuclear transfer whether or not they were stained with Hoechst 33342 and viewed with a fluorescent microscope. A greater number of viable embryos resulted after nuclear transfer when enucleated versus nucleated demi-oocytes were used as recipient ova.
Introduction
The production of large numbers of identical bovine offspring by nuclear transfer offers the poten¬ tial for tremendous genetic and economic gain for livestock agriculture. Use of a breeding pro¬ gramme involving the production of genetically superior identical animals would result in much greater genetic progress than is possible with standard programmes involving artificial insemi¬ nation and embryo transfer (Nicholas & Smith, 1983; Robl & Stice, 1989) . Another benefit of producing identical animals is that performance and production costs could be predicted more 'Present address: Department of Physiology & Pharmacology, College of Veterinary Medicine, Texas A&M University College Station, TX 77843-4466, USA. accurately by decreasing the great variability among animals. Accurate studies of interactions between genotype and environment are possible when using identical animals. Fewer animals would also be required for experiments: Robl & Stice (1989) reported that, for traits such as milk production, one member of an identical pair could replace more than 20 random animals in an experiment. Procedures used for nuclear transfer are currently too costly and inefficient to justify large-scale commercial use of the techniques. One of the major problems contributing to the inefficiency of nuclear transfer in the bovine embryo has been that of enucleating unfertilized oocytes. It is imposs¬ ible to visualize the metaphase chromatin in unfertilized bovine oocytes when standard light microscopy is used. Enucleation of oocytes has therefore generally been accomplished by blind aspiration of the cytoplasm and is only 50-60% successful (Prather et ai, 1987; Robl & Stice, 1989; Bondioli et ai, 1990) . Procedures for enucleation of bovine oocytes result in transfer of blastomere nuclei into nucleated oocytes approximately 50% of the time. Willadsen (1986) reported that blastomeres fused to nucleated oocytes form blastocysts at a very low rate. These embryos were probably tetraploid and it is unlikely that they would have developed to term.
Chromatin in mammalian oocytes and early embryos can be visualized easily with a fluorescent microscope when they are stained with Hoechst 33342 (Critser & First, 1986; Luttmer & Longo, 1986; Conover & Gwatkin, 1988; Tsunoda et ai, 1988) . This fluorescent dye specifically binds to the adenine and thymine bases of DNA. Excessive stain concentration and prolonged exposure to ultraviolet light during observation by microscope may inhibit development (Critser & First, 1986; Tsunoda et ai, 1988) . However, Tsunoda et al. (1988) used fluorescent staining and nuclear transfer in mouse embryos to demonstrate differential sensitivity of nuclei and cytoplasm to Hoechst staining and ultraviolet irradiation. Results indicated that cytoplasm of mouse zygotes was much more resistant to UV irradiation after Hoechst staining, and fluorescent microscopy could be used to visualize and remove metaphase chromatin without affecting the early develop¬ mental capability of the cytoplasm of the oocyte. These enucleated oocytes were used as recipients for nuclear transplantation of inner cell mass nuclei and a significant proportion resulted in development to the blastocyst stage (Tsunoda et al., 1988) .
The aim of the present study was to determine if staining with Hoechst 33342 and examination with fluorescence microscopy could be used to identify enucleated bovine oocytes without interfering with embryonic development after nuclear transfer.
Materials and Methods

Donor embryos and recipient oocytes
Collection of donor embryos and recipient oocytes was as previously described (Bondioli et al, 1990; Westhusin et al, 1991) . Briefly, mature crossbred and dairy-type cows were superovulated with a 4-day regimen of injections of follicle-stimulating hormone twice a day (FSH-P; Burns Biotec Inc., Omaha, NE). Total FSH-P administered for crossbred cows was 28 mg and for dairy-type cows 37 mg. In addition to the fifth and sixth injection of FSH-P, 25 mg prostaglandin F2a (PGF2a, Lutalyse: UpJohn Inc., Kalamazoo, MI) was administered.
For collection of donor embryos, cows were artificially inseminated and the embryos collected on day 5-6 of the oestrous cycle (oestrus = day 0). Dulbecco's phosphate buffered saline supplemented with 2% fetal calf serum (FCS; Gibco, Grand Island, NY) was used as the collection medium. After isolation, the embryos were placed in phosphate buffered saline containing 1000 mg D-glucose 1~' , 36 mg sodim pyruvate 1 (Gibco, Grand Island, NY), 0-4% bovine serum albumin (BSA; Sigma, St Louis, MO), and 1 % penicillin/streptomycin (10 000 iu penicillin G sodium ml~' and 10000µg streptomycin ml-1, Gibco, Grand Island, NY), (MPBS), and held for 1-3 h until they were used for nuclear transfer. In some cases, the donor embryos were frozen and thawed before being used for nuclear transfer (Westhusin el al, 1991) . For collection of recipient oocytes, cows received an injection of 4000 iu human chorionic gonadotrophin (hCG; Phoenix Pharmaceuticals, St Joseph, MO) approximately 48 h after the first prostaglandin injection. Thirty-six to forty hours after hCG injection, the oviducts were surgically removed and oocytes recovered by flushing the oviducts with MPBS. The oocytes were isolated and held for 1-3 h at room temperature until required.
Nuclear transplantation
Procedures for nuclear transfer were essentially those previously described (Willadsen, 1986; Bondioli et al, 1990; Westhusin et al, 1991) . Oocytes were placed in a Petri dish containing MPBS supplemented with 5 µg cytochalasin ml-1 (Sigma Inc., St Louis, MO) and a slit was made in the zona pellucida extending approximately two-thirds of the circumference of the oocyte. A glass pipette was then used to remove approximately half of the oocyte cytoplasm and place it into another zona pellucida that had previously been slit and cleaned. The bisected oocytes were then placed in another Petri dish containing the donor embryo in fresh MPBS. The zona pellucida of the donor embryo was slit as described for oocytes. The embryonic cells were removed from the embryo one at a time with a micropipette approxi¬ mately the same size as the blastomeres, and they were placed under the zona pellucida of the recipient oocyte halves so that the membranes of the oocyte and blastomere were in contact.
Electrofusion was used to transfer the nuclei of the embryonic blastomeres into the oocyte halves. The oocyte halves with blastomeres were equilibrated in Zimmerman's cell fusion medium (Amsco, Erie, PA) and transferred into a drop of fusion medium contained on a fusion chamber composed of two wire electrodes mounted on a Plexiglas slide 200 µ apart. The demi-oocyte and embryonic blastomere were aligned by an a.c. of 600 kHz, 6 V, for 10 s, after which fusion was initiated by applying three pulses of 15 V d.c. for 50 µß, each pulse 01 s apart. After fusion, the oocyte halves containing the blastomeres were transferred into fresh MPBS with 20% FCS supplemented in place of BSA, and placed in an incubator at 37°C. After 1 h, the demi-oocytes were removed from the incubator and observed to determine how many had been successfully fused with blastomeres. All demi-oocytes, whether fused or not, were then embedded in a double layer of agar (Willadsen, 1979) and surgically transferred into ligated sheep oviducts. After 6 days the embryos were surgically recovered by flushing the sheep oviducts with MPBS and evaluated. Experiment I. In Expt 1, bovine demi-oocytes were assigned randomly to a control or treatment group. Oocytes in the control group were bisected and used for nuclear transfer as described above. Oocytes in the treatment group were bisected and incubated in 5 µg Hoechst 33342 ml" ' (bisbenzimide trihydrochloride, Sigma, St Louis, MO) in MPBS for 30 min at 37°C. After staining, the demi-oocytes were rinsed in fresh MPBS for 5-10 min then viewed in 1 ml nunc wells (Nunc Inc., Naperville, IL) at 400 magnification with a Zeiss ICM405 inverted microscope equipped with epifluorescence, Zeiss filter set 487701-02 (excitation 365 nm and emission 420 nm, Zeiss, Oberkochen, Germany), and an Osram (HBO-50) superpressure mercury lamp. The demi-oocytes were viewed for approximately 10 s and the metaphase chromatin identified. After viewing, the demi-oocytes, both nucleated and enucleated, were used for nu¬ clear transfer. Experiment 2. In Expt 2, bovine oocytes were bisected and half of the cytoplasm removed and incubated in 5 µg Hoechst 33342 ml~' for 30 min at 37°C, while the other half was kept separately in MPBS. Stained demi-oocytes were rinsed in fresh MPBS at 37°C for 5-10 min, then viewed in 1 ml nunc wells filled with fresh MPBS with a Nikon Labophot microscope equipped with epifluorescence, filters BA420 and EX365 (excitation 365 nm and emission 420 nm, Nikon Inc., Houston, TX), an Osram (HBO-100) mercury short arc lamp and a 50% neutral density filter. The demi-oocytes were viewed at 200 magnification to determine if they contained the metaphase chromatin (for less than 10 s). Stained demi-oocytes with observed metaphase chromatin were considered nucleated and their nonstained reciprocal halves were presumed enucleated. Stained demi-oocytes with no observable chromatin were also considered enucleated and their nonstained reciprocal halves were presumed nucleated. This resulted in four different recipient oocyte types which represented four treatments: (i) stained enucleated, (ii) unstained enucleated, (iii) stained nucleated and (iv) unstained nucleated demi-oocytes. These were used for nuclear transfer. Experiment 3. For Expt 3, a field trial was conducted over a period of 5 months in which stained and unstained enucleated demi-oocytes were obtained as described in Expt 2 and used for nuclear transfer. The resulting embryos were transferred into synchronized recipient cows on or about day 6 after nuclear transfer. Pregnancy rates, deter¬ mined by rectal palpation at approximately 60 days of gestation, and the number of calves surviving to term were recorded.
Analysis of data
For Expts 1 and 2, the number of demi-oocytes successfully fused with blastomeres and the number developing into compact morulae or blastocysts (viable) were converted to a percentage. The average fusion rate and average percentage that were viable were then compared between treatments using Analysis of Variance (anova). For Expt 3, count data were generated and the pregnancy rate and number of calves surviving to term compared using -square analysis.
Results
The average percentage of demi-oocytes successfully fused with embryonic blastomeres was not different between the stained group (84-6%) and the control group (82-3%) ( Table 1 ). There was also no difference in the proportion of embryos that developed into compact morula or blastocyst which, for controls, was 13-6% and for the stained group 14-3%.
No difference in any treatment group was indicated for fusion rate (Table 2 ). There was also no difference in embryonic development following nuclear transfer whether or not the recipient demi-oocytes were stained with Hoechst. Stained enucleated demi-oocytes resulted in the highest percentage development to compact morula or blastocyst (25-6%) and was significantly different from both stained (10-8%) and unstained (100%) nucleated demi-oocytes. Unstained enucleated demi-oocytes resulted in the second highest percentage viable (19-6%) but the difference between other treatments was not significant. When data from Expt 2 were pooled to evaluate the effect of staining independent of whether demi-oocytes were nucleated or not, and the effect of enucleation independent of whether they were stained or not, the only significant difference between treatments was that between enucleated and nucleated demi-oocytes, with enucleated demi-oocytes resulting in a greater number of viable embryos following nuclear transfer (Table 3 ). Hoechst staining had no effect on any parameter measured (Table 4 ). 57-5" 10-8°U nstained nucleated 11 119 63-7" 100c "Viable: compact morula or blastocyst when collected from the sheep. •"Differences in superscripts within the same column denote a significant difference, < 005 (anova). "Viable: compact morula or blastocyst when collected from the sheep.
•"Differences in superscripts within the same column denote a significant difference, < 005 (anova).
The results of Expt 3 are given in Table 5 . Neither pregnancy rate nor number of calves born depended on whether recipient demi-oocytes for nuclear transfer were Hoechst stained. No significant differences within columns; < 005 ( square analysis).
Discussion
Results of these experiments demonstrate that Hoechst staining and fluorescent microscopy can be used to identify enucleated bovine demi-oocytes that can be successfully used as recipient ova for nuclear transfer. With the procedures described, there was no difference in the developmental capability of recipient demi-oocytes whether or not they were stained. The data did indicate that there was a distinct advantage in using enucleated demi-oocytes rather than nucleated demioocytes. Enucleated demi-oocytes resulted in a greater number of viable embryos following nuclear transfer than did nucleated demi-oocytes. Tsunoda (1988) reported that Hoechst staining and fluorescent microscopy could be used to visualize and remove metaphase chromatin from mouse oocytes. These enucleated oocytes were then used as recipient ova for nuclei of inner cell mass (ICM) cells; 23% developed to two-cell embryos and 5% developed to blastocyst. The developmen¬ tal rate of unstained enucleated mouse oocytes receiving ICM cells is unknown since this exper¬ iment was not conducted. However, in studies using pronuclear transfer, Tsunoda (1988) showed that the cytoplasm could withstand up to 40 s of irradiation following Hoechst staining before development began to decrease. It took only 12 s on average to visualize and remove metaphase chromatin, so it is doubtful whether staining had an effect on the developmental capability of the oocyte cytoplasm. Development to the blastocyst stage following nuclear transfer into enucleated mouse oocytes was less than reported here for cattle. This is likely to be due to differences between species. Previous work with mice has resulted in very limited development following transfer of embryonic nuclei into enucleated zygotes or oocytes when compared with other species (McGrath & Solter, 1983 , 1984 Surani et al., 1987) . Another possibility is that donor nuclei were from a more advanced stage of development than those used in the present study, i.e. ICM cells versus cells from a 5-6 day morula. Work with amphibians has shown a decrease in development following nuclear transfer as more advanced embryos are used for nuclear donors (DiBerardino, 1987) . However, Smith & Wilmut (1989) reported 56% development to blastocyst after transfer of sheep ICM cells to enucleated oocytes.
Approximately 10% of the embryos produced by nuclear transfer into nucleated demi-oocytes resulted in embryos that developed to the morula or blastocyst stage. This value is similar to that reported by Willadsen (1986, 9-3%) in sheep. It is unknown at this time if these embryos can produce a normal pregnancy and live calf. To date, we have transferred only seven such embryos into recipient cows and none has resulted in a pregnancy. When the oocyte staining techniques described here were applied in a commercial nuclear transfer programme, the pregnancy rate with enucleated demi-oocytes was 145 of 693 (20-9%) compared with 23 of 138 (16-7%) when both nucleated and enucleated demi-oocytes were used. This finding is consistent with that predicted if none, or at least very few, of the embryos produced following nuclear transfer(s) into a nucleated recipient oocyte resulted in pregnancy. These data do not exclude the possibility that some of these embryos could result in pregnancy and normal calves. It is possible that the oocyte might selfenucleate leaving only the transferred nucleus to direct development, or the oocyte chromatin may degenerate and/or disperse throughout the cytoplasm and not become involved in development (Bromhall, 1975) .
